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COMMON DECLARATIVELE
REPRESENTATION OF APPLICATION
CONTENT AND USER INTERACTION

CONTENT PROCESSED BY A USER
EXPERIENCE PLAYER

CROSS-REFERENCE TO RELATED
APPLICATTONS

This application 1s a continuation application of U.S.
patent application Ser. No. 14/463,415, filed on Aug. 19,
2014, and entitled: “COMMON DJCLARATIVE REPRE-
SENTATION OF APPLICATION CONTENT AND USER
INTERACTION CONTENT PROCESSED BY A USER
EXPERIENCE PLAYER.” This application claims benefit
of U.S. patent application Ser. No. 14/463,415 under 35
U.S.C. § 120. U.S. patent application Ser. No. 14/463,415 1s

hereby Incorporated by reference 1n 1ts entirety.

BACKGROUND

Currently, a great variety of computing device platforms
exists. Generally, each type of computing device platiorm
includes platform-specific hardware with varied capabilities,
as well as an optional operating system environment in
which computer applications may function. A computer
application 1s often designed to work within the construct of
an operating system and to work with the operating system
to take advantage of at least some aspects of the platform
hardware. To this end, computer applications must often be
re-designed, at least 1n part, to be able to function as desired
with each of the various operating system and the platform
hardware combinations. In such scenarios, each version of a
computer application may require maintaimng a separate
application code base and separate accompanying program-
ming effort for each environment 1n which a software vendor
wants a computer application to function. The difliculty of
such a task increases 11 the software vendor desires to create
a different and/or unique user experience for different plat-
forms on which a computer application is to execute. Alter-
natively, a software vendor may instead choose to only
create one version of an application. The single version of
the application may be intended to be deployed along with
an execution environment (e.g., web browser, virtual
machine, etc.) that 1s capable of interacting with the under-
lying operating system and/or platform hardware. In such
scenarios, the computer application may not be capable of
taking advantage of platform hardware capabilities due to
the additional layer of abstraction (i.e., the execution envi-
ronment) existing between the computer application and the
underlying hardware.

SUMMARY

In general, 1n one aspect, the invention relates to a method
tor providing application content that includes obtaining, by
a declarative content engine executing on a computer pro-
cessor, an 1nitial application content from a content reposi-
tory. The method also includes expressing the nitial appli-
cation content 1 a declarative programming language to
obtain declarative content and transmitting the declarative
content to a user experience player. The user experience
player processes the declarative content to obtain the nitial
application content, binds the initial application content to
first platform-specific templates and first platform-specific
navigation patterns, and renders the 1nitial application con-
tent 1 a first platform-specific user display format. Addi-
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tionally, the method includes receiving a user action from
the user experience player in response to the transmission of
the declarative content, storing the user action associated
with the declarative content 1n a user data instance reposi-
tory, determining, using an interaction module and the
received user action, a next application content, and obtain-
ing the next application content from the content repository.

In general, 1n one aspect, the invention relates to a method
for providing application content that includes receiving, at
a user experience player, declarative content from a declara-
tive content engine and processing, by a computer processor,
the declarative content to obtain the application content. The
method also includes binding the application content to
platiorm-specific templates and platiorm-specific navigation
patterns, displaying the application content 1n a platiorm-
specific user display format, receiving a user action in
response to displaying the application content, transmitting
the user action to the declarative content engine, and receiv-
ing, in response to the transmission of and based on the user
action, next declarative content from the declarative content
engine.

In general, 1n one aspect, the invention relates to a system
for providing application content that includes a plurality of
computer processors, a memory, and a declarative content
engine executing on a first computer processor ol the
plurality of computer processors. The declarative content
engine includes functionality to obtain an 1nitial application
content from a content repository, express the 1nitial appli-
cation content in a declarative programming language to
obtain declarative content, and transmit the declarative con-
tent to a user experience player. The declarative content
engine also includes functionality to receive a user action
from the user experience player 1n response to the transmis-
sion of the declarative content, store the user action associ-
ated with the declarative content 1n a user data instance
repository, determine, using an interaction module and based
on the recerved user action, a next application content, and
obtain the next application content from the content reposi-
tory. The system also includes a user experience player
executing on a second computer processor of the plurality of
computer processors. The user experience player includes
functionality to recerve declarative content from the declara-
tive content engine, process, by the second computer pro-
cessor, the declarative content to obtain the initial applica-
tion content, bind the 1nitial application content to platform-
specific templates and platform-specific navigation patterns,
and display the mmitial application content 1n a platform-
specific user display format. The user experience player also
includes functionality to receive the user action 1n response
to displaying the mitial application content, transmit the user
action to the declarative content engine, and receive, 1n
response to the transmission of the user action, next declara-
tive content from the declarative content engine.

In general, in one aspect, the invention relates to a
non-transitory computer readable medium comprising
instructions for providing application content which, when
executed, cause a computer processor to obtain, by a
declarative content engine executing on a computer proces-
sor, an 1nitial application content from a content repository
and express the mitial application content in a declarative
programming language to obtain declarative content. The
istructions also cause a computer processor to transmit the
declarative content to a user experience player. The user
experience player includes functionality to process the
declarative content to obtain the initial application content,
bind the 1itial application content to first platform-specific
templates and first platform-specific navigation patterns, and




US 10,776,446 Bl

3

render the i1mtial application content in a first platform-
specific user display format. The instructions also cause the
computer processor to recerve a user action from the user
experience player 1n response to the transmission of the
declarative content, store the user action associated with the
declarative content 1n a user data instance repository, deter-
mine, using an interaction module and the received user
action, a next application content, and obtain the next
application content from the content repository.

Other aspects of the imnvention will be apparent from the
following description and the appended claims.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 shows a system 1n accordance with one or more
embodiments of the invention.

FIG. 2 shows a flowchart 1n accordance with one or more
embodiments of the invention.

FIG. 3 shows a flowchart 1n accordance with one or more
embodiments of the invention.

FIG. 4 shows an example 1n accordance with one or more
embodiments of the invention.

FIG. 5 shows a flowchart 1n accordance with one or more
embodiments of the invention.

FIG. 6 shows a computing system 1n accordance with one
or more embodiments of the invention.

DETAILED DESCRIPTION

Specific embodiments of the invention will now be
described 1n detail with reference to the accompanying
figures Like elements in the various figures are denoted by
like reference numerals for consistency.

In the following detailed description of embodiments of
the mvention, numerous speciiic details are set forth in order
to provide a more thorough understanding of the invention.
However, 1t will be apparent to one of ordinary skill 1n the
art that the invention may be practiced without these specific
details. In other instances, well-known features have not
been described 1n detail to avoid unnecessarily complicating,
the description.

In general, embodiments of the invention relate to a
method and system for representing application content
using a declarative content expression that 1s common
between various types of platforms on which an application
may execute. Specifically, in one or more embodiments of
the mvention, a declarative content engine 1ncludes func-
tionality to obtain application content, express the applica-
tion content as at least a portion of declarative content, and
transmit the declarative content to any of a variety of
computing device types, each of which may include an
execution environment such as an operating system. A
computing device combined with execution environment
may be referred to as a platform. In one or more embodi-
ments of the invention, each platform type on which an
application may execute has a user experience player
designed for the platform that 1s capable of, at least, inter-
preting the declarative content to obtain the application
content. In such embodiments, the user experience player
may include functionality to bind the application content to
one or more templates and navigation patterns that are native
to the platform type on which the user experience player 1s
executing. The application content may then be displayed by
the user experience player to a user of the application. In one
or more embodiments of the invention, the user of the
application takes actions based on being presented the
application content, and the user experience player includes
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4

functionality to represent the received user actions as
declarative content which may be returned to the declarative
content engine.

FIG. 1. shows a system 1n accordance with one or more
embodiments of the invention. In one or more embodiments
of the invention, the system includes a content repository
(e.g., content repository (100)) from which application con-
tent (e.g., application content (102)) may be obtained. In one
or more embodiments of the invention, the system also
includes a declarative content engine (DCE) (e.g., DCE 104)
and one or more user experience players (UXPs) (e.g., UXP
A (120), UXP N (122)). The DCE (104) may include a view
module (e.g., view module (106)), an interaction module
(e.g., interaction module (108)), a user data model module
(e.g., user data model module (110)), a user data instance
repository (e.g., user data instance repository 112), and a
user mformation collection module (e.g., user mformation
collection module (114)). Each UXP (e.g., UXP A (120),
UXP N (122)) may include: (1) a declarative content inter-
preter (e.g., declarative content interpreter A (124), declara-
tive content interpreter N (126)); (1) one or more native
rendering libraries (native rendering library A (128), native
rendering library N (130)), (111) an 1nteraction tlow manager
(e.g., mteraction flow manager A (132), interaction flow
manager N (134)), (1v) a binding module (e.g., binding
module A (136), binding module N (138)); (v) a rendering
module (e.g., rendering module A (140), rendering module
N (142)); and (v1) a user action processor (e.g. user action
processor A (146), user action processor N (148)). Each of
these components 1s described below.

In one or more embodiments of the invention, the content
repository (100) 1s a data repository for storing, at least in
part, application content (e.g., application content (102)).
Application content may be content of an application that 1s
executed by a user and may include, but 1s not limited to,
application data for a tax preparation application, a financial
transaction application, and/or a loan request application. In
one or more embodiments of the invention, a data repository
1s any type of storage unit and/or device (e.g., a file system,
database, collection of tables, or any other storage mecha-
nism) for storing data/information. Specifically, the data
repository may include hardware and/or software. Further,
the data repository may include multiple different storage
umts and/or devices. The multiple different storage units
and/or devices may or may not be of the same type or located
at the same physical site. In one or more embodiments of the
invention, the data repository i1s included as a part of the
DCE (104). In other embodiments of the invention, the data
repository 1s a stand-alone repository that i1s operatively
connected to and accessed, at least, by the DCE (104). In one
or more embodiments of the invention, the content reposi-
tory (100) includes functionality to provide application
content (102) to at least one DCE (104).

In one or more embodiments of the invention, application
content (102) 1s any data and/or information that 1s used
during execution of an application. Application content
(102) may include, but 1s not limited to, data related what an
end-user of the application may see (e.g., questions, answer
choices, relevant information, help menu options, etc.), data
related to the functioning of the application, data related to
the flow of an application (e.g., what application content
should be presented next based on user feedback such as an
answer to a question), metadata (e.g., type information
related to data objects included with the application con-
tent), and any other type of data that may be used during
execution of an application. Application content (102) may
be expressed 1n any format capable of being read by the
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DCE (104). For example, application content (102) may be
expressed 1n any computer programming language now
known or that may later be developed.

In one or more embodiments of the invention, the appli-
cation content (102) 1s obtained from the content repository
(100) by the operatively connected DCE (104). In one or
more embodiments of the mvention, the DCE (104) 1s any
combination of hardware, software, and/or firmware that
includes functionality to express obtained application con-
tent (102) as declarative content (116) to be sent to a UXP
(e.g., UXP A (120), UXP N (122)). For example, the DCE
(104) may be a solftware application executing on a com-
puting device (not shown). In one or more embodiments of
the invention, a computing device 1s any device and/or any
set of devices capable of electronically processing instruc-
tions and that includes at least the minimum processing
power, memory, iput and output device(s), network con-
nectivity, and ability to process application content to obtain
declarative content to be transmitted to one or more UXPs
in order to perform, at least in part, one or more embodi-
ments ol the invention. Examples of computing devices
include, but are not limited to, a server (e.g., a blade-server
in a blade-server chassis), a virtual machine (VM), a desktop
computer, a mobile device (e.g., laptop computer, smart
phone, personal digital assistant, tablet computer, or other
mobile device), any other type of computing device with the
alforementioned minimum requirements.

In one or more embodiments of the invention, the DCE
(104) 1s a software application written 1n any programming
language that includes 1nstructions stored 1n any non-tran-
sitory computer readable medium which, when executed by
one or more processors 1 a computing device, enable the
computing device to perform the functions described 1n
accordance with one or more embodiments of the invention.
In one or more embodiments of the invention, the DCE
(104) includes functionality to express application content as
declarative content using a declarative programming lan-
guage (e.g., JavaScript Object Notation (JSON)). In one or
more embodiments of the invention, the DCE (104) includes
functionality to, at least 1n part, transmit declarative content

to one or more operatively connected (e.g., via computer
network (not shown)) UXPs (e.g., UXP A (120), UXP N

(122)).

In one or more embodiments of the invention, the DC
(104) includes a view module (106). In one or more embodi-
ments of the mnvention, a view module (106) 1s any software,
hardware, firmware, and/or combination thereof capable of
obtaining view information from the application content and
expressing the view mnformation 1n a declarative program-
ming language. The DCE (104) may also include function-
ality to interpret view mformation expressed as declarative
content that 1s received by the DCE (104). View information
(not shown) may include information necessary for a logic
unit (1.e., a view unit) of presentation but without certain
details (e.g., layout, visual control) necessary to render the
information. Examples of view information include, but are
not limited to, user visible text, data bindings, user action
possibilities, hierarchical groupings of artifacts, and seman-
tic relationships between artifacts.

In one or more embodiments of the invention, the DCE
(104) includes an interaction module (108). In one or more
embodiments of the mvention, an iteraction module (108)
1s any soiftware, hardware, firmware, and/or combination
thereol capable of obtaiming interaction flow and logic
information (not shown) and expressing the interaction tlow
and logic mmformation in a declarative programming lan-
guage as declarative content. In one or more embodiments
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of the invention, the interaction module also includes func-
tionality to interpret interaction flow and logic information
expressed as declarative content that 1s received by the DCE
(104). Interaction flow and logic information may specily
navigation logic, which may be used to determine the next
unit of information (e.g., a next view unit) to present to a
user of an application upon receirving user actions in
response to a current application view (1.e., a current view
unit). In one or more embodiments of the mmvention, the
interaction module includes a state machine that 1s used to
model the interaction flow of an application, with nodes
representing the view unit, edges representing transitions,
and with additional attachments for specifying conditions
associated with each transition.

In one or more embodiments of the invention, the DCE
(104) includes a user data model module (110). In one or
more embodiments of the invention, an user data model
module (110) 1s any software, hardware, firmware, or com-
bination thereof capable of obtaining data model informa-
tion (not shown) and expressing the data model information
in a declarative programming language. In one or more
embodiments of the invention, the user data model module
(110) also includes functionality to interpret data model
information expressed as declarative content that 1s received
by the DCE (104). Data model information may specity the
data definition for visible data 1n a given view unit. In one
or more embodiments of the invention, data model infor-
mation also includes field and/or type information, which
may allow a UXP (e.g., UXP A 120) to perform error checks
on information entered by a user of an application. In one or
more embodiments of the invention, the user data model
module (110) may 1nclude functionality to use a declarative
programming language to express definitions for fields of a
view umt. In such an embodiment, the expression of the data
model information includes, but 1s not limited to, an enu-
meration field that includes all possible enumerated values
for a field, the type of the possible values, and validation
logic. Such information may allow a UXP to perform
various error checks on user actions.

In one or more embodiments of the invention, the DCE
(104) includes a user data instance repository (112). In one
or more embodiments of the invention, a user data instance
repository includes a data repository, similar to the data
repository described above, that includes the actual value of
user data obtained during a user’s use of an application. The
user data instance repository (112) may include any soft-
ware, hardware, firmware, and/or combination thereof
capable of obtaining and storing user data instances and both
expressing and, 1 some cases, receiving the user data
instances 1 a declarative programming language (e.g.,
JSON). In one or more embodiments of the invention, the
user data instance repository (112) includes functionality to
express user data instances as declarative content which the
DCE (104) may transmit to a UXP (e.g., UXP A 120),
allowing the UXP to maintain an in-memory client-side data
store for managing user data instances as needed for the
execution of the application. In one or more embodiments of
the 1invention, the user data instance repository (112) also
includes functionality to interpret data instances expressed
as declarative content that are recerved by the DCE (104).

In one or more embodiments of the invention, the DCE
(104) includes a user information collection module (114).
In one or more embodiments of the invention, a user
information collection module (114) 1s any software, hard-
ware, firmware, and/or combination thereol capable of
obtaining user mformation (not shown) and expressing the
user information 1n a declarative programming language. In
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one or more embodiments of the invention, the user infor-
mation collection module (114) also includes functionality
to 1nterpret user mformation expressed as declarative con-
tent that 1s received by the DCE (104). User information
may include information related to a given user. User
information may also include information related to one or
more platforms on which a user executes an application. The
user mnformation collection module (114) may include func-
tionality to maintain (e.g., store) user information for one or
more users of one or more applications. User information
may include user specific information such as profession,
age, demographics, user emotional state, complexity of
specific user scenario, any other information associated with
a user, and/or any combination thereof. User information
may also include device imnformation such as platform type
(e.g., mobile device, web browser, desktop computer, etc.),
operating system type (e.g., 10S, Android, Windows, etc.),
and/or device capabilities (e.g., camera, sensors, location
awareness, text capabilities, audio capabilities, etc.). In one
or more embodiments of the invention, the user information
collection module (114) includes tunctionality to modity the
application content requested by the DCE (104) and/or the
declarative content provided to a UXP 1n order to modity the
user experience based on the user information. For example,
the user experience may be modified by changing the type
ol information, descriptions of questions, brevity of expla-
nations, available modes of input, efc.

In one or more embodiments of the invention, the DCE

(104) transmits declarative content (e.g., declarative content

A (116), declarative content N (118)) to one or more UXPs
(e.g., UXP A (120), UXP N (122)). In one or more embodi-
ments of the invention, declarative content 1s content
expressed 1 a declarative programming language. A
declarative programming language may generally be used to
express the logic of a computation without describing 1ts
control flow. Examples of a declarative programming lan-
guage include, but are not limited to, JSON, structured query
language (SQL), Prolog, and Datalog. In one or more
embodiments of the invention, declarative content includes
application content as well as various other types of infor-
mation (e.g., interaction flow and logic information) neces-
sary to allow a UXP to render the application content for a
user (not shown). In one or more embodiments of the
invention, the declarative content includes information
expressed in a declarative programming language that is
obtained by one or more of the modules and/or repositories
included with and/or operatively connected to the DCE
(104). Declarative content also 1ncludes information
expressed in a declarative programming language that is
transmitted from a UXP (e.g., UXP A (120), UXP N (122))
to the DCE (104), which may, for example, include infor-
mation related to user actions and user related information.

In one or more embodiments of the invention, the DCE
(104) 1s operatively connected to one or more UXPs (e.g.,
UXP A (120), UXP N (122)). The DCE may be operatively
connected to the one or more UXPs via a computer network
(not shown) such as the Internet. The DCE (104) and the one
or more UXPs may be designed to communicate via infor-
mation expressed 1n a declarative programming language. In
one or more embodiments of the mvention, a UXP (e.g.,
UXP A (120), UXP N (122)) 1s any soltware, hardware,
firmware, or combination thereol capable of processing
declarative content received from a DCE (104), presenting
(1.e., rendering) application content to a user, recerving user
actions, and transmitting user actions expressed 1n a declara-
tive programming language to the DCE (104). Interactions
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at least 1n part, visually and/or non-visually. Examples of
non-visual modes of interaction include, but are not limited
to, audio, motion, touch, and electromagnetic. Both the UXP
and the user may interact with the other in any of the
alorementioned interaction methods. For example, the user
may speak words that the UXP processes while the UXP
presents information to the user visually. For another
example, the UXP may present application content to the
user via audio communication while the user communicates
with the UXP via eye movement.

In one or more embodiments of the invention, a UXP
(e.g., UXP A (120), UXP N (122)) 1s at least part of a
soltware application written 1n any programming language
that includes 1nstructions stored 1n any non-transitory com-
puter readable medium which, when executed by one or
more processors 1n a computing device, enable the comput-
ing device to perform the functions described 1n accordance
with one or more embodiments of the invention. In one or
more embodiments of the mvention, a UXP (e.g., UXP A
(120), UXP N (122)) 1s a user interface (UIl) module. In one
or more embodiments of the invention, the UXP 1s a part of
the application that a user 1s executing. In other embodi-
ments of the mvention, the UXP i1s a separate module
capable of performing actions on behalf of and/or 1n con-
junction with the application that a user 1s executing.

A UXP (e.g., UXP A (120), UXP N (122)) may be a
computer program, or a portion thereof, designed to execute
on a certain platform type or group of platiform types. For
example, a UXP may be designed to execute on a specific
device type (e.g., smart phone) on which a specific operating
system type (e.g., Android) executes. For another example,
a UXP may be designed to execute on any desktop and/or
laptop computer that 1s executing one of a range of Windows
based operating systems (1.e., a Windows based platform
type). In one or more embodiments of the invention, the
UXP (e.g., UXPA (120), UXP N (122)) executes on any type
of computing device, substantially similar to the computing
devices described above 1n relation to the DCE (104). The
UXP (e.g., UXP A (120), UXP N (122)) may include
functionality to present application content to a user visually
(e.g., presenting a graphical user mtertace (GUI)). In one or
more embodiments of the invention, the UXP (e.g., UXP A
(120), UXP N (122)) includes functionality to present appli-
cation content in any non-visual way that 1s supported by the
platform on which the UXP executes. For example, the UXP
may include functionality to render application content in
ways including, but not limited to, via audio, via a text-based
interface (e.g., short message service (SMS) text), via
braille, and/or via a virtual reality based interface.

In one or more embodiments of the invention, the UXP
(e.g., UXP A (120), UXP (122)) includes a declarative
content interpreter (e.g., declarative content interpreter A
(124), declarative content interpreter N (126)). In one or
more embodiments of the invention, a declarative content
interpreter (e.g., declarative content interpreter A (124),
declarative content interpreter N (126)) 1s any software,
hardware, firmware, and/or combination thereof capable of
interpreting (1.e., processing) declarative content received
from a DCE (104) in order to obtain application content and
related information (e.g., iteraction flow and logic infor-
mation, data model information, etc.), which may be
referred to as interpreted content. In one or more embodi-
ments of the ivention, the declarative content interpreter
(e.g., declarative content interpreter A (124), declarative
content 1mterpreter N (126)) also includes functionality to
express information (e.g., iformation related to a user’s
actions) 1n a declarative programming language before 1t 1s
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transmitted to the DCE (104). In one or more embodiments
of the invention, the declarative content interpreter 1s a
module that 1s common amongst all UXPs, or a portion
thereot, meaning that the various UXPs all include a com-
mon portion that 1s the declarative content interpreter. In
other embodiments of the invention, the declarative content
interpreter may difler between two or more UXPs.

In one or more embodiments of the invention, the UXP
(e.g., UXP A (120), UXP N (122)) includes one or more
native rendering libraries (e.g., native rendering libraries A
(128), native rendering libraries N (130)). As used 1n this
context, a library 1s a collection of information, behaviors,
and/or subroutines with defined interfaces that may be used
by any appropriately configured software executing on a
platform that includes the library. In one or more embodi-
ments of the invention, a native rendering library (e.g.,
native rendering libraries A (128), native rendering libraries
N (130)) 1s a library 1n which exists information that allows
the UXP (e.g., UXP A (120), UXP N (122)) to render
application content on a specific platform on which the UXP
and user executed application are executing. For example, a
native platform library may include one or more native
templates specific to the operating system, web browser,
and/or computing device hardware on which the UXP
executes. In such an example, the one or more templates
may include, but are not limited to, information related to
visual and/or non-visual presentation of information as well
as navigation patterns and actuators (e.g., buttons to press,
drop down lists for selecting from, defined meanings for user
swipe actions, etc.). In one or more embodiments of the
invention, more than one native library, each including
differing native templates and navigation patterns, allows
the UXP to render an application differently to a user on the
same platform.

In one or more embodiments of the invention, the UXP
(e.g., UXP A (120), UXP N (122)) includes an interaction
flow manager (e.g., mnteraction flow manager A (132), inter-
action flow manager N (134)). In one or more embodiments
of the invention, an interaction flow manager (e.g., interac-
tion flow manager A (132), interaction flow manager N
(134)) 1s any soitware, hardware, firmware, and/or combi-
nation thereol capable of executing various aspects of a
user’s interaction with an application based, at least 1n part,
on the recerved interaction tlow and logic information and
various user actions.

In one or more embodiments of the invention, the UXP
(e.g., UXP A (120), UXP N (122)) includes a binding
module (e.g., binding module A (136), binding module N
(138)). In one or more embodiments of the mmvention, a
binding module (e.g., binding module A (136), binding
module N (138)) 1s any software, hardware, firmware, and/or
combination thereof capable of binding platform-native
visual and/or non-visual templates and navigation patterns
(1.e., of the aforementioned one or more native rendering
libraries) with the declarative content (including application
content therein) to be presented to a user as a view unit.

In one or more embodiments of the invention, the UXP
(e.g., UXP A (120), UXP N (122)) includes a rendering
module (e.g., rendering module A (140), rendering module
N (142)). In one or more embodiments of the invention, a
rendering module (e.g., rendering module A (140), rendering,
module N (142)) 1s any soitware, hardware, firmware, and/or
combination thereof capable of rendering the view unit
bound by the binding module (e.g., binding module A (136),
binding module N (138)) to a user of an application. The
rendering may include visual aspects, non-visual aspects, or
a combination thereof.
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In one or more embodiments of the invention, the UXP
(e.g., UXP A (120), UXP N (122)) includes a user action

processor (e.g., user action processor A (146), user action
processor N (148)). In one or more embodiments of the
invention, a user action processor (€.g., user action processor
A (146), user action processor N (148)) 1s any soltware,
hardware, firmware, and/or combination thereof capable of,
at least, handling user actions, updating one or more local
data stores, and performing view unit refresh actions.

While FIG. 1 shows a configuration of components, other
configurations may be used without departing from the
scope of the invention. For example, various components
may be combined to create a single component. As another
example, the functionality performed by a single component
may be performed by two or more components. In one or
more embodiments of the invention, one or more of the
modules and elements shown in FIG. 1 may be omitted,
repeated, and/or substituted. For example, there may be
more than one declarative content engine. For another
example, there may be any number of user experience
players operatively connected to each declarative content
engine. Accordingly, embodiments of the invention should
not be considered limited to the specific arrangements of
modules and elements shown in FIG. 1.

FIG. 2 shows a flowchart 1n accordance with one or more
embodiments of the mvention. While the various steps 1n
these tlowcharts are presented and described sequentially,
one of ordinary skill 1in the art will appreciate that some or
all of the steps may be executed 1n different orders, may be
combined or omitted, and some or all of the steps may be
executed in parallel. Furthermore, the steps may be per-
formed actively or passively. For example, some steps may
be performed using polling or be interrupt driven in accor-
dance with one or more embodiments of the invention. By
way ol an example, determination steps may not require a
processor to process an instruction unless an interrupt 1s
received to signify that condition exists in accordance with
one or more embodiments of the invention. As another
example, determination steps may be performed by perform-
ing a test, such as checking a data value to test whether the
value 1s consistent with the tested condition 1n accordance
with one or more embodiments of the invention.

FIG. 2 shows a tlowchart describing a method for pro-
cessing declarative content from a declarative content
engine and rendering application content for a user of an
application. In Step 200, declarative content 1s received at a
UXP from a DCE. Declarative content may be expressed in
any declarative programming language (e.g., JSON). In one
or more embodiments of the invention, the received declara-
tive content includes application content as well as addi-
tional related content (e.g., interaction flow and logic infor-
mation). In one or more embodiments of the mvention, the
declarative content 1s received from an operatively con-
nected declarative content engine. For example, the UXP
may be executing on a tablet device that 1s operatively
connected to the server on which the DCE executes via a
series of wireless and wired networks.

In Step 202, the declarative content 1s interpreted. In one
or more embodiments of the invention, the declarative
content 1s interpreted by a declarative content interpreter,
which may be a portion of the UXP. In one or more
embodiments of the invention, interpretation of the declara-
tive content includes, but 1s not limited to, parsing the
received declarative content 1n order to obtain the applica-
tion content and related content included therein. In one or
more embodiments of the invention, interpreting the
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declarative content also includes making the interpreted
content available for use by the other portions of the UXP.

In Step 204, the UXP obtains appropriate templates and
navigation patterns based on the interpreted content. In one
or more embodiments of the invention, the templates and
navigation patterns, which may be visual and/or non-visual,
are obtaimned from one or more native rendering libraries
included with and/or operatively connected to the UXP.

In Step 206, the relevant portion of the mterpreted content
1s bound to the one or more templates and navigation
patterns obtained 1n Step 204. In one or more embodiments
of the invention, a binding module of the UXP performs the
binding. Binding content to templates and navigation pat-
terns may include creating a relationship between portions
ol the interpreted content and the templates and navigation
patterns 1n order to prepare the content as a view unit for
presentation to a user.

In Step 208, a view unit 1s rendered for a user. In one or
more embodiments of the invention, rendering a view umnit
includes displaying application content to a user of an
application. In one or more embodiments of the invention, a
rendering module of the UXP includes functionality to
render content that has been bound, as 1 Step 206, to
templates and navigation patterns. The rendered view unit
may be visual, non-visual, or any combination thereof. For
example, a rendered view unit may be a visual presentation
of a screen of a tax preparation application. In such an
example, the rendered view unit may include, but 1s not
limited to, text, graphics, fields for entering user informa-
tion, questions to be answered by a user, fields for a user to
enter answers to presented questions, actuating buttons for
user selections, drop down menus for user selection, or any
other information relevant to the tax preparation application
that 1s to be rendered to a user.

In Step 210, a determination 1s made as to whether any
user action was taken 1n response to the display of the view
unit. For example, a user may enter personal data, answer a
question, make a selection, press a button, speak a help
query, gesture to indicate an answer, switch platiorms,
change desired mode of interaction (e.g., from visual to
non-visual), decide to save and/or pause the application,
and/or any other possible form of user action. User actions
may be actuated by any means supported by the platform on
which a user executes an application that operates in con-
junction with a UXP. For example, user action may include,
but 1s not limited to, keyboard mput, mouse input, audio
input, motion input, and touch mput. For another non-
limiting example, electromagnetic input may be received
from a user via one or more electrodes. User action may be
actuated through any form of biometric input. For example,
fingerprints and/or eye movements may be used to mput a
user action. User action may additionally be actuated by any
peripheral device that 1s operatively connected to the plat-
form. For example, glasses or contact lenses may be opera-
tively connected to the platform and used to actuate the
receipt ol user responses to questions and/or for a user to
enter user mformation into fields of an application. Such a
user action may be 1n response to the view unit rendered
and/or may be any other chosen user action supported by the
application that the user i1s executing. In one or more
embodiments of the invention, there 1s a timeout period
associated with a given view unit during which a UXP will
wait for a user action. In one or more embodiments of the
invention, the application will not move forward unless a
user action occurs. If one or more user actions occur, then
the process moves to Step 212. If a user action does not
occur, then the process proceeds to end.
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Turning to Step 212, the one or more user actions are
transmitted from the UXP to the DCE. In one or more
embodiments of the invention, the user actions are expressed
in a declarative programming language. For example, the
user actions may be expressed as a JSON response. In one
or more embodiments of the invention, the transmission of
the user action(s) occurs over a network and/or a collection
ol one or more interconnected networks (e.g., the Internet).

In Step 214, a determination 1s made as to whether
additional declarative content 1s to be transmitted from the
DCE to the UXP that transmitted the user actions. Additional
content may be required 1n response to any user action, in
response to a user error, in order to advance through the
application, and/or 1n response to a timeout. Additional
content may include, but 1s not limited to, additional appli-
cation content, a next view unit, additional interaction flow
and logic information, additional data model information,
additional data instances, and/or additional user information.
If there 1s no additional content, the process proceeds to end.
IT there 1s additional content, the DCE prepares additional
declarative content and the process returns to Step 200.

FIG. 3 shows a flowchart describing a method for pro-
viding declarative content from a DCE to at least one UXP.
In Step 300, application content 1s obtained by a DCE from
an operatively connected and/or included content repository
that stores application content. In one or more embodiments
of the mnvention, the application content 1s obtained 1n order
to 1nitiate an application, 1n response to one or more user
actions, and/or any other reason relevant to the execution of
the DCE and/or the application being executed by a user.

In Step 302, the application content 1s processed by the
DCE. In one or more embodiments of the invention, the
application content 1s processed to obtain at least part of the
declarative content for transmitting a view unit to a UXP. In
one or more embodiments of the invention, processing the
application content includes generating and/or obtaining
additional content that 1s to be expressed as declarative
content along with the application content. In such embodi-
ments of the invention, additional content may include, but
1s not limited to, interaction flow and control information,
data model information, data instance information, and/or
user related information.

In Step 304, the application content and additional content
obtained and expressed as declarative content 1n Step 304 1s
transmitted to a UXP from the DCE. In one or more
embodiments of the invention, the DCE 1s operatively
connected to at least one UXP. For example, the DCE may
be executing on a server that 1s connected via a computer
network to one or more clients on which a UXP executes.
Transmission of the declarative content may include using
the network functionality of the computing device on which
the DCE executes 1n order to appropriately package the
declarative content for transmission over a network.

In Step 306, a determination 1s made as to whether any
user action has occurred. In one or more embodiments of the
invention, a user action 1s determined to have occurred when
a UXP transmits one or more user actions expressed as
declarative content to the DCE. In other embodiments of the
invention, the user action(s) may be expressed 1n any way
that the DCE 1s capable of receiving. If a user action occurs
and declarative content expressing the user action 1s
received by the DCE, the process moves to Step 306. If no
user actions occur, the process proceeds to end.

Turning to Step 308, the user action 1s received and
processed by the DCE. In one or more embodiments of the
invention, the user action(s) arrives expressed as declarative
content. User actions may have occurred in response to the
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declarative content transmitted 1in Step 304 and/or for any
other reason relevant to a user’s use of an application. In one
or more embodiments of the invention, the received user
action(s) are processed by the DCE. In one or more embodi-
ments of the invention, processing the user action(s)
includes evaluating the actions in order to determine what
action, 1f any, should be taken next by the DCE. For
example, the user action may have included an input value,
which 1s stored, and an answer to a question, which may
dictate, at least in part, the interaction flow and subsequent
application content to be expressed as declarative content
and transmitted to the UXP. For another example, the user
action may have been to switch platforms, 1n which case the
DCE’s next transmission of declarative content will be sent
to the new platform. For another example, the user may
desire to switch application context, such as from non-visual
to visual, 1n which case the next transmission of declarative
content from the UXP would reflect the user’s preference
change.

Turning to Step 310, a determination 1s made as to
whether the user action was an error. In one or more
embodiments of the invention, the UXP includes function-
ality to determine 11 the user action created and/or was an
error. In such embodiments of the invention, the declarative
content received by the DCE from the UXP will include
information related to one or more errors derived from a
user’s action(s). In other embodiments of the invention, the
DCE includes functionality to determine, based on the
received and processed user action information, 1f an error
has occurred. If a user action error has occurred, the process
moves to Step 312. If no user action error has occurred, then
to process moves to Step 314.

Turning to Step 312, information related to an error 1s
transmitted as declarative content to a UXP. In one or more
embodiments of the invention, the DCE may obtain infor-
mation related to the error, based on the user action error,
and express the error information as at least part of addi-
tional declarative content. In one or more embodiments of
the invention, the declarative content including the error
information 1s transmitted to the UXP in order to be con-
veyed, at least 1n part, to the user of an application in which
the error occurred. After the error information 1s transmitted
from the DCE to the UXP, the process returns to Step 304
in order to wait for additional user action(s).

Returming to Step 314, any user input values included in
the declarative content received by the DCE from the UXP
are bound to dynamic content in the user data instance
repository. In one or more embodiments of the invention, the
user data instance repository stores, at least, a record of user
input values bound to related dynamic content. The record
may allow, for example, one or more UXPs to retrieve the
user mput information for later use by the application.

In Step 316, the DCE determines the next application
content to be transmitted as a portion of a declarative content
transmission. In one or more embodiments of the invention,
the DCE uses, at least, the interaction module and the
received user action in order to determine what application
content 1s needed next.

In Step 318, the DCE obtains the next application content
from the content repository. In one or more embodiments of
the invention, the DCE requests the application content
determined 1n Step 316 to the relevant next application
content to be transmitted to the UXP. After the next appli-
cation content 1s obtained by the DCE, the process returns to
step 302, after which the next application content i1s pro-
cessed and ultimately transmitted to a UXP as at least a
portion of a next declarative content.
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FIG. 4 shows an example 1n accordance with one or more
embodiments of the invention. The following example 1s for
explanatory purposes only and not mntended to limit the
scope of the invention.

Retferring to FIG. 4, consider a scenario in which a
declarative content engine (DCE) (404) 1s operatively con-
nected to a content repository (400). The DCE 1s also
operatively connected to three platforms (1.e., three client
devices). The first platform 1s an Android-based smartphone

(412) on which UXP A (418) 1s executing. The second
platform 1s an 1Pad (414) on which UXP B (420) 1s execut-
ing. The third platform 1s a Windows personal computer
(PC) (416) on which UXP C (422) 1s executing. Each of the
three platiorms 1s being used by a different user (not shown)
to execute a tax return preparation application, with which
the UXP executes 1 conjunction. Between the content
repository and the DCE, a conduit exists for transmitting
application content (402). Although only one such conduit 1s
shown 1n the example, there may be as many as necessary
in order to perform aspects of the invention. The conduit
maybe, for example, a connection between a server and a
storage device. Each of the three platforms 1s connected to
the DCE via the Internet (not shown).

The tax return preparation application being used by each
user necessarily icludes a series of events in which infor-
mation relevant to a tax return of a user 1s obtained from the
user. One screen 1n the series ol screens for obtaiming
information from a user of the tax return preparation appli-
cation 1s a screen 1n which the user 1s asked what portion of
the previous year the user maintained health insurance.
Possible responses include: (1) “Had health insurance all
year’; (11) “Had no health msurance”; and (111) “Had health
isurance for part of the year”. The question and each of the
three possible answer choices are presented to each user
when that user encounters the appropriate portion of the tax
return preparation application. The DCE expresses this
content, as well as related content, as declarative content to
be transmitted to the UXP of each user’s platform whenever
that user requires the view unit that includes the question and
answer choices.

To that end, the DCE first obtains relevant application
content from the content repository. The DCE then processes
the application content along with any other relevant factors
in order to obtain the various pieces of declarative content to
be transmitted to a UXP. The DCE may perform the action
of obtaining the application data whenever one of the user’s
reaches the appropriate portion of the application flow.

The declarative content obtained by the DCE includes
view content, which includes metadata (to indicate the type
of the unit of display (“Q&A™)), title (with text content), and
fields (collection of multiple fields). In this example, there 1s
a single field, with type “choice” and three “choices™. View
data may also include information related to binding (data
field to set the value upon selection) and (actions) (naviga-
tion actions (Next and Prev) are included). The view infor-
mation portion of the declarative content may be expressed
as follows:

{ "metaData": { "type": "Q&A", "id": "ACACoverage'},
"title”: { "asset': "How long did you have health insurance in

20142"},
"flelds": [
{ "type'": "choice",
"choices": |

{ "label": { "asset": "Had health insurance all year'"},
"value": "HadFullYearPlan" },
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-continued

{ "label": { "asset": "Had no health insurance’},
"value": "HadNoPlan" },
{ "label": { "asset": "Had health insurance part of the year"},
"value": "HadPartYearPlan" }],
"binding":
"Return.ReturnData.JRS1040S8chedule ACA.CoverageIndPP"
3k
"actions’: |
{ "label": { "asset": "Continue'},
"value": "Next"}
{ "label": {"asset": "Back"},
"value": "Prev" }]}

The declarative content obtained by the DCE also
includes interaction flow and logic content, which may be
expressed as follows:

"ACASIingleFlow": {
"startState': "VIEW node",
"VIEW_node": {

"state_type": "VIEW",
"ref": "ACACoverage',
"transitions': {

"Next": "END_done"

h
|5
"END_done": {
"state_type": "END",
"outcome": "doneWithFlow"
1

h

The declarative content obtained by the DCE also
includes data model information, which may be expressed as
follows:

1

"IRS1040Schedule ACAType": {
"CoveragelndPP": {
"type": "EnumType”,
"validation”: [
{ "message": "Please select one of the options”,

"type": "required” }],

"enum': ["HadFull YearPlan", "HadPartYearPlan"”, "HadNoPlan'],
"default":

|

"SubsidyEligible AmtPP": {
"type”: "USAmountNN Type",
"default": """

i1

The above examples of declarative content expressions
are sent to a UXP any time a user reaches the appropriate

point 1n the application where the atorementioned question
1s to be asked of the user.

On the client side, a UXP executes on a user’s platform
(e.g., the Android smartphone (412), the 1Pad (414) and/or
the Windows PC (416)). When the declarative content 1s

received from the DCE by a UXP, a declarative content
interpreter interprets the declarative content. Next, the UXP
obtains, from one or more native rendering libraries, visual
templates and navigation patterns that are specific to the
plattorm on which the UXP executes. Content to be dis-
played to the user of the application (1.e., the question and
the corresponding answer options) 1s then bound to the
visual templates and navigation patterns and displayed to the
user. The display of the content, as viewed by the user, may
be different on each platform type. Each platform type has
a different set of capabilities and functionality, therefore
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cach user experience may differ (e.g., be optimized) for a
given platform based on the platform characteristics.

For example, the Android smartphone user may see a
visual representation of the application background, the
question written 1 a first font, and each of the answer
choices listed next to a circle which a user may select to
select the corresponding answer choice. The 1Pad user’s
UXP receives the same declarative content as was recetved
by the UXP of the Android smartphone 1n the previous
example. However, the 1Pad user has a different user expe-
rience that includes a visual representation of the application
background, the questions rendered 1n a second font, and
three large buttons. Each of the three buttons includes one of
the three answer options, requiring the user to “press”™ one of
the three buttons using some form of cursor control mecha-
nism (€.g., mouse, trackball, touchpad, audio control device,
ctc.). The Windows PC user’s UXP receirves the same
declarative content as was received by the UXP of the
Android smartphone and the 1Pad 1n the previous examples.
However, the Windows PC user has a diflerent user expe-
rience which includes a visual representation of the appli-
cation background, the question being rendered 1n a third
font, and a field for which a drop down menu exists which
includes the three answer options.

In this example, the user 1n each case has had isurance
coverage for the entirety of the previous year. Accordingly,
cach select the answer option indicating that insurance was
maintained for the tull previous year. Therefore, the UXP for
cach prepares a response to send to the DCE that includes
the response to the question. The response 1s expressed as
declarative content and may appear as follows:

1

“IRS1040ScheduleACA™: {

“CoveragelndPP”: “HadFullYearPlan”,
“SubsidyEligibleAmtPP”: <4750,

;
)

This content represents a user data instance and may be
bound by the DCE with dynamic content related to each
user, respectively and stored 1n the user data instance reposi-
tory.

In the above described example, three entirely different
platiorms, each executing a UXP, received the same declara-
tive content from the DCE. However, the application, or
portion thereof (1n this case the view unit for the question
regarding previous year’s msurance), 1s rendered differently
on each platform based, at least in part, on the native
capabilities of the platform on which the UXP executes.

FIG. 5§ 1s a flowchart that demonstrates an exemplary
embodiment of the mvention 1n which a user switches from
a first platform while progressing through an application
and/or 1n which a user switches from a first context to a
second context. Steps 300 through 502 of FIG. 5 are
substantially similar to Steps 300 through 302 of FIG. 3.

In Step 504, a determination 1s made as to whether a user
has switched platforms and/or contexts. A user may decide
to move from a first platform on which the user 1s executing
an application to a second platform on which the user wants
to execute the same application. The determination may be
made explicitly, via a UXP of the first platform and/or the
second platform informing the DCE of the user move. The
determination may also be made implicitly, with the DCE
detecting the platform change. The user may also or alter-
natively decide to switch contexts. For example, a user who
has been interacting with the application 1n an audio context
while driving a car may decide to switch to a visual context
upon arriving at home. If a determination 1s made that a user

"y
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has decided to switch platforms, contexts, and/or any com-
bination thereot, the process moves to Step 508. If no switch
has been made by the user, the process proceeds to Step 506
and the declarative content 1s transmitted to the current
platform and/or context.

Turning to Step 508, i1 the user has switched platiforms,
then the declarative content 1s transmitted to a new UXP on
which the user wants to continue executing the application.
In one or more embodiments of the invention, the new UXP
may be executing on a different platform type, and therefore
the user experience changes to correspond to the new
plattorm. If the user as additionally and/or alternatively
decided to switch contexts, then the declarative content 1s
modified to reflect the new user-desired context. In one or
more embodiments of the mvention, the DCE may modily
(e.g., optimize) the declarative content for the new context.
In such embodiments of the invention, the modification may
be based, at least 1n part, on the platform capabilities related
to the desired context.

In the exemplary embodiment of the invention described
in the flowchart of FIG. 5, the determination of the change
may occur after new content has been obtamned and
expressed as declarative content to be transmitted to a UXP.
However, the invention may also include functionality to
detect a change before determining and obtaining new
declarative content to transmit. In such embodiments of the
invention, the previously rendered content (1.e., previously
presented to the user on the first platiorm and/or in the first
context before a switch happens) 1s expressed as modified
declarative content and transmitted to the UXP to be ren-
dered on the new platform and/or in the new context.

An additional exemplary embodiment of the invention
includes a declarative content filter. In such an embodiment
of the mvention, the DCE may include an intelligent asset
loader that includes functionality to filter declarative content
based on vanability tags. Variability tags may include, but
are not limited to, platform type, (e.g., mobile, desktop, web
browser, etc.) form factor (e.g., small, medium, large, etc.),
device capabilities (e.g., camera, available sensors, location
sensing, etc.), language preferences (e.g., English, Spanish,
etc.), user profile information (e.g., profession, age, demo-
graphics, etc.), user emotional state, complexity of user
scenario, and/or any combination thereof.

In an additional exemplary embodiment of the invention,
the DCE may be used 1n order to conduct, at least 1n part,
A-B testing. A-B testing 1s testing i which a user 1s
presented with two different options (e.g., an “A” option and
a “B” option) and selects one of the two as the preferred
option. The selection of the preferred option may be pro-
vided to the DCE, which includes functionality to receive
the user’s selection. The DCE may also include functionality
to collect such information from any number of users who
are making A vs. B decisions on any number of potential
view units delivered to a UXP from a DCE. Such embodi-
ments of the mnvention may allow for scalable A-B testing of
applications rendered by UXPs of the invention.

In an additional exemplary embodiment of the invention,
the DCE includes additional functionality to create an appli-
cation shell that manages, at least in part, at least two
applications executing on two separate platforms, but that
are being used by the same user. In such embodiments of the
invention, a user may be moving between platforms and
therefore the application shell maintains the necessary data
to allow each individual application to remain current 1n the
interaction flow and with the latest user entered information
as the user moves platforms. For applications such as tax
preparation applications, a user may take a considerable

10

15

20

25

30

35

40

45

50

55

60

65

18

amount of time i1n order to complete a given tax return.
Accordingly, the application shell provides the user the
capability of moving between devices. The application shell
may serve as a master controller to manage the launch and
switch of diffterent UXPs, handle cross-communication
between the UXPs and orchestrate user interaction among
the different UXPs.

In an additional exemplary embodiment of the invention,
the DCE includes additional functionality to monitor various
user data such as, for example, user interaction speed,
scenario complexity, network connection speed, and net-
work connection reliability. In one or more embodiments of
the invention, the DCE includes functionality to use the user
information 1n order to predict possible future worktlows
and to decide which and how much potential future content
to pre-fetch to client devices on which an operatively
connected UXP 1s executing.

Embodiments of the mvention may be implemented on
virtually any type of computing system regardless of the
plattorm being used. For example, the computing system
may be one or more mobile devices (e.g., laptop computer,
smart phone, personal digital assistant, tablet computer, or
other mobile device), desktop computers, servers, blades 1n
a server chassis, or any other type of computing device or
devices that includes at least the minimum processing
power, memory, and mput and output device(s) to perform
one or more embodiments of the invention. For example, as
shown 1n FIG. 6, the computing system (600) may include
one or more computer processor(s) (602), associated
memory (604) (e.g., random access memory (RAM), cache
memory, flash memory, etc.), one or more storage device(s)
(606) (c.g., a hard disk, an optical drive such as a compact
disk (CD) drive or digital versatile disk (DVD) drive, a flash
memory stick, etc.), and numerous other elements and
functionalities. The computer processor(s) (602) may be an
integrated circuit for processing instructions. For example,
the computer processor(s) may be one or more cores, or
micro-cores ol a processor. The computing system (600)
may also mclude one or more mput device(s) (610), such as
a touchscreen, keyboard, mouse, microphone, touchpad,
clectronic pen, or any other type of input device. Further, the
computing system (600) may include one or more output
device(s) (608), such as a screen (e.g., a liquid crystal
display (LCD), a plasma display, touchscreen, cathode ray
tube (CRT) monitor, projector, or other display device), a
printer, external storage, or any other output device. One or
more of the output device(s) may be the same or diflerent
from the mput device(s). The computing system (600) may
be connected to a network (612) (e.g., a local area network
(LAN), a wide area network (WAN) such as the Internet,
mobile network, or any other type of network) via a network
interface connection (not shown). The mput and output
device(s) may be locally or remotely (e.g., via the network
(612)) connected to the computer processor(s) (602),
memory (604), and storage device(s) (606). Many different
types of computing systems exist, and the aforementioned
input and output device(s) may take other forms.

Software instructions 1 the form of computer readable
program code to perform embodiments of the mnvention may
be stored, 1n whole or 1n part, temporarily or permanently, on
a non-transitory computer readable medium such as a CD,
DVD, storage device, a diskette, a tape, tlash memory,
physical memory, or any other computer readable storage
medium. Specifically, the software instructions may corre-
spond to computer readable program code that when
executed by a processor(s), 1s configured to perform
embodiments of the mvention.
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Further, one or more elements of the atorementioned
computing system (600) may be located at a remote location
and connected to the other elements over a network (612).
Additionally, embodiments of the invention may be imple-
mented on a distributed system having a plurality of nodes,
where each portion of the mvention may be located on a
different node within the distributed system. In one embodi-
ment of the mvention, the node corresponds to a distinct
computing device. Alternatively, the node may correspond
to a computer processor with associated physical memory.
The node may alternatively correspond to a computer pro-
cessor or micro-core ol a computer processor with shared
memory and/or resources.

While the mvention has been described with respect to a
limited number of embodiments, those skilled 1n the art,
having benefit of this disclosure, will appreciate that other
embodiments can be devised which do not depart from the
scope of the mvention as disclosed herein. Accordingly, the
scope of the invention should be limited only by the attached
claims.

What 1s claimed 1s:

1. A method for providing application content of an
application comprising:

receiving, from a server, at a first user experience player

of a first platform of a first platform type, initial

declarative content from a declarative content engine

running on the server,

wherein the mitial declarative content 1s content
expressed 1n a declarative programming language,
and

wherein the declarative programming language 1s one
of JavaScript object notation (JSON), structured
query language (SQL), Prolog, and Datalog;

processing, by a computer processor executing the first

user experience player, the initial declarative content to

obtain the application content;

binding, by the first user experience player, the applica-

tion content to first platform-specific templates and first
platform-specific navigation patterns for the first plat-
form type;

displaying, according to the first platform-specific tem-

plates, the application content 1n a first platform-spe-
cific user display format;
receiving, by the first user experience player and accord-
ing to the first platform-specific navigation patterns, a
user action of a user executing the application in
response to displaying the application content;

transmitting the user action to the declarative content
engine;

when the user action creates an error determined by the

declarative content engine,

wherein the error 1s with respect to at least one of the
first platform-specific navigation patterns, the first
user experience player:

receives, from the server and 1n response to transmit-
ting the user action, subsequent declarative content
including error information about the error, and

waits for an additional user action after receiving the
subsequent declarative content; and

transmitting a request received from the user with the first

platform to continue the execution of the application on
a second platform of a second platiform type corre-
sponding to a second user experience player,

wherein the second user experience player receives, 1n

response to the transmission of and based on the user
action, next declarative content from the declarative
content engine.
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2. The method of claam 1, wherein the user action 1s
received 1n the form of one selected from a group consisting
of keyboard 1mnput, mouse input, audio mnput, motion nput,
and touch input.

3. The method of claim 1, wherein the first platform-
specific user display format 1s one of a group consisting of
a visual format, an audio format, and a text format.

4. The method of claam 1, wherein the user action 1s
received via a first context, the method further comprising;:

determining that the user has switched to a second con-

text; and

transmitting, to the declarative content engine, an indica-

tion that the user has switched to the second context.

5. The method of claim 4, further comprising:

receiving, from the declarative content engine, a modifi-

cation to the next declarative content for the second
context.

6. The method of claim 5, wherein the modification to the
next declarative content for the second context 1s based on
a capability of the second platiorm.

7. The method of claim 4, wherein the first context 1s a
visual context and the second context 1s an audio context.

8. A system for providing application content of an
application comprising:

a computer processor;

a memory; and

a first user experience player of a first platform of a first

platform type executing on the computer processor and
configured to:
receive, from a server, 1initial declarative content from
a declarative content engine runming on the server,
wherein the mmitial declarative content i1s content
expressed 1n a declarative programming language,
and
wherein the declarative programming language 1is
one ol JavaScript object notation (JSON), struc-
tured query language (SQL), Prolog, and Datalog;
process the initial declarative content to obtain the
application content;
bind the application content to first platform-specific
templates and first platform-specific navigation pat-
terns for the first platform type;
display, according to the first platform-specific tem-
plates, the application content 1n a first platform-
specific user display format;
receive, by the first user experience player and accord-
ing to the first platform-specific navigation patterns,
a user action of a user executing the application 1n
response to displaying the application content;
transmit the user action to the declarative content
engine;
when the user action creates an error determined by the
declarative content engine, wherein the error 1s with
respect to at least one of the first platform specific
navigation patterns, the first user experience player:
receives, Irom a server and 1n response to transmit-
ting the user action, subsequent declarative con-
tent including error information about the error,
and
waits for an additional user action after receiving the
subsequent declarative content; and
transmit a request received from the user with the first
platform to continue the execution of the application
on a second platform of a second platiorm type
corresponding to a second user experience player,
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wherein the second user experience player receives, 1n
response to the transmission of and based on the user
action, next declarative content from the declarative
content engine.

9. The system of claim 8, wherein the user action 1s
received by the first user experience player via a first
context, wherein the first user experience player 1s further
configured to:

determine that the user has switched to a second context:

and

transmit, to the declarative content engine, an indication

that the user has switched to the second context.

10. The system of claim 9, wherein the first user experi-
ence player 1s further configured to:

receive, from the declarative content engine, a modifica-

tion to the next declarative content for the second
context.

11. The system of claim 9, wherein the declarative content
engine 1s further configured to:
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receive, from the first user experience player, the indica-
tion that the user has switched to the second context;

modily the next declarative content for the second con-
text; and

transmit, to the second user experience player, a modifi-

cation to the next declarative content for the second
context.

12. The system of claim 11, wherein the modification to
the next declarative content for the second context 1s based
on a capability of the second platiorm.

13. The system of claim 9, wherein the first context 1s a
visual context and the second context is an audio context.

14. The system of claim 8, wherein the user action 1s
received 1n the form of one selected from a group consisting
of keyboard 1input, mouse input, audio input, motion nput,
and touch put.

15. The system of claim 8, wherein the first platform-

specific user display format 1s one of a group consisting of
a visual format, an audio format, and a text format.
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